Summary: The effect of somatosensory stimulation on the local CBF (LCBF), CMRglu (LCMRglu), tissue pH, and tissue content of AT P, glucose, and lactate was studied in chloralose-anesthetized rats before and after 30 min of near-complete forebrain ischemia. In nonischemic rats LCBF in primary somatosensory cortex increased by 33%, LCMRglu increased by 55%, tissue glucose content decreased by 21%, and lactate increased by 30%. Local AT P and tissue pH did not change. Functional activation of the intact chloralose-anesthetized rat, in consequence, is associated with the stimulation of "aerobic"glycolysis but does not result in disturbances of energy or acid-base homeostasis. After 30-min ischemia and 3-h recircula-
The coupling between neuronal activity, blood flow, and glucose utilization is a well-documented phenomenon that has been extensively studied in the past and that provides the basis for the meta bolic mapping of functional activity of the brain (Sokoloff, 1981) . The general concept of metabolic coupling is based on the assumption that the activa tion of neuronal circuits is associated with an in crease of energy and transmitter turnover that has to be fueled by an increased supply of glucose and oxygen. Recently, evidence has been provided that a period of transient cerebral ischemia suppresses the stimulation-evoked increase of glucose utiliza tion for up to several days after the ischemic impact (Dietrich et aI., 1986) . The responsiveness of blood flow to changes of Pco2, which is thought to con-tion, somatosensory stimulation did not evoke any meta bolic or hemodynamic alterations, although EEG and pri mary somatosensory evoked potentials recovered. The maintenance of normal energy state despite constant metabolic rate suggests that the postischemic generation of evoked potentials does not require measurable amounts of energy. Stimulation of glycolysis in the intact animal, therefore, may serve other purposes than fueling the energy requirements of evoked cortical activity. Key Words: Local cerebral blood flow-Local metabolism Local tissue pH -Metabolic coupling -Multiparametric imaging-Rats.
tribute to the flow-metabolism couple, is also sup pressed for days, if not months, after ischemia even if spontaneous and evoked electrical activity return to normal (Schmidt-Kastner et aI., 1986) .
If functional activation of the brain after ischemia requires the same amount of energy as in the intact brain, and if neither blood flow nor glucose con sumption is increased during activation, the brain will have to cover the increased energy demands by utilizing its energy stores. This process should lead to measurable alterations in the regional content of energy metabolites. To test this hypothesis we have studied the effect of functional activation before and after global ischemia of rat brain by combining autoradiographic measurements of local CBF (LCBF) and CMRg\u (LCMRglu) with methods for the pictorial evaluation of energy metabolites and of the acid-base state of the brain ("multiparame tric brain imaging") (Hossmann et aI., 1985) .
The results obtained demonstrate that following a period of severe forebrain ischemia, activation of blood flow or glucose utilization is completely sup pressed although EEG and evoked potentials re cover. Surprisingly, this dissociation does not cause any disturbances of the regional energy state of the brain, which raises the fundamental question of the energetic requirement of evoked cortical activity under physiological and pathophysiological condi tions.
MATERIALS AND METHODS

Animal preparation
Tw enty adult male Wistar rats were used. Ten animals were intact controls, the other 10 animals were investi gated 3 h after 30-min global forebrain ischemia, pro duced by a modification of the four-vessel-occlusion model of Pulsinelli and Brierley (1978) .
Intact animals. The body weight of the rats ranged be tween 320 and 490 g. The animals were anesthetized in a gas stream of 2.5% halothane, 70% nitrous oxygen, the rest oxygen, and catheters were inserted into a femoral artery and a femoral vein. The trachea was intubated, and after immobilization with pancuronium bromide (0.01 mg/100 g wet wt) , artificial ventilation was carried out with 0.8% halothane, 70% nitrous oxide, the rest oxygen. Ventilation was adjusted to yield an arterial Pco 2 of -40 mm Hg, corresponding to an arterial pH of -7.4. Body temperature was kept constant at 3rC with a feedback controlled heating pad. The animal's head was fixed in a stereotaxic frame, and the skull was exposed for the re cording of EEG and evoked potentials. After termination of surgery, anesthesia was switched to chloralose and functional activation and measurements of blood flow and glucose utilization were performed, as described below. At the end of the experiments, heads were frozen in situ with liquid nitrogen, using the funnel technique of Ponten et al. (1973) . Brains were removed in a cold box and stored at -80°C until use.
Ischemic animals. The body weight of these animals ranged between 315 and 375 g. Global forebrain ischemia was performed in two stages, using a modification of the four-vessel-occlusion model. On the first day, rats were anesthetized in a gas stream of 2.5% halothane and 70% nitrous oxide, and both vertebral arteries were cauterized through the foramina of the alae vertebrales. One day later, animals were again anesthetized with halothane and nitrous oxide, tracheotomized, catheterized, and placed under artificial ventilation as in the intact animals. Cere bral ischemia was produced by cross-clamping the ca rotid arteries after lowering mean arterial blood pressure to 70 mm Hg with nitroprusside. As described in detail elsewhere, near-complete ischemia of the forebrain is as sociated with immediate suppression of EEG and evoked potentials (R. Schmidt-Kastner and K.-A. Hossmann, in preparation) . One animal without electrophysiological suppression, therefore, was rejected from this investiga tion.
After the 30-min ischemia, vessel clamps were re moved and blood pressure was raised to normal by intra venous infusion of a small dose of dopamine, if neces sary. As soon as spontaneous EEG activity returned, an imals were reanesthetized with 0.5% halothane and 70% nitrous oxide and maintained in this state for 3 h after the beginning of recirculation. Anesthesia was then switched to chloralose, and animals were investigated in the same way as the intact controls.
Functional activation
To enhance cortical excitability, functional activation was carried out under chloralose anesthesia. For this purpose, the supply of halothane and nitrous oxide was discontinued and a-chloralose (80 mg/kg) was infused in travenously. Small needle electrodes were inserted under the skin of the forepaws, and electrical square pulses (0.3 ms, 5 V) were delivered to evoke somatosensory cortical potentials in the opposite hemisphere. EEG and somato sensory evoked potentials were recorded with silver ball electrodes placed bilaterally on the exposed skull in small bone excavations 1.5 mm lateral to bregma. The indif ferent electrodes were brought into contact with the nasal bone. The maximal stimulation frequency was deter mined at which evoked potentials were able to follow without amplitude reduction. Stimulation was started at this frequency 1 min before the beginning of tracer infu sion and continued throughout the measurement of blood flow or glucose utilization until the brain was frozen in situ. A laboratory computer (MED-80; Nicolet, Madison, WI, U.S.A) was used for averaging of evoked potentials.
Measurement of CBF and cerebral glucose utilization
Five intact animals and five animals submitted to 30-min ischemia and 3-h recirculation received an intrave nous ramp infusion of [14C]iodoantipyrine (20 !-LCi/100 g wet wt) over a period of 50 s for measurement of LCBF. Arterial blood samples were withdrawn during infusion at 4-to 5-s intervals. In situ freezing was started 5 s before the end of infusion because previous studies of Ponten et al. (1973) have revealed that blood flow in the cortex below the exposed skull is interrupted to a depth of -2 mm within 10 s. The maximum timing error for the calcu lation of tracer input thus amounts to ± 5 s or 10% of total circulation time. Quantitative autoradiography of [14C]iodoantipyrine was carried out in cryostat sections of brain, and LCBF was calculated according to the algo rithm of Sakurada et al. (1978) .
In five other intact and five postischemic animals, LCMRglu was measured using the autoradiographic de oxyglucose method (Sokoloff et aI., 1977) . In the intact animals this measurement was carried out after stabiliza tion of physiological variables and in the postischemic animals after 3-h recirculation. A bolus of [14C]deoxyglu cose (15 !-LCi/100 g wet wt) was injected intravenously and allowed to circulate for 30 min; during this time arterial blood samples were taken at increasing intervals for de termination of the tracer input function and of plasma glucose levels. 14C radioactivity of brain was measured by quantitative autoradiography, and LCMRglu was cal culated using the algorithm of Sokoloff et al. (1977) .
Pictorial evaluation of ATP, glucose, and lactate content
The local distribution of AT P, glucose, and lactate was determined by substrate-induced bioluminescence. Cryostat sections of brain were freeze-dried and pro cessed for substrate-induced bioluminescence, using the enzymatic methods of Kogure and Alonso (1978) , Pas chen et al. (1981) , and Paschen (1985) , respectively. For this purpose, cryostat sections of a reaction mix con taining the required substrates, enzymes, and coenzymes were placed on the tissue section and warmed to room temperature to start the enzymatic reaction. Induced bio luminescence was recorded in the darkroom on photo graphic film (Agfa Pan ASA 25 and 100) and the optical density of films was evaluated by quantitative image anal-ysis. As previously reported, optical densities correlate linearly with the tissue concentration of metabolites (Pas chen et aI., 1981; Paschen, 1985) . Percentage differences of optical density, therefore, are equivalent to percentage differences of tissue concentration.
Pictorial evaluation of tissue pH
Local tissue pH was determined in cryostat sections according to the method of Csiba et al. (1983) . Cryostat sections were mounted on electrophoresis paper soaked with the fluorescent pH indicator umbelliferone and brought to ODC in an ice bath to allow diffusion of the tracer into the tissue section. Tissue fluorescence was re corded photographically at 450 nm following excitation with 370-and 340-nm ultraviolet light. The digitized fluo rescence images were substracted with an image pro cessor (ID 2000; De Anza Systems, Santa Clara, CA, U.S.A.) , and the differences of optical densities were re lated to pH using appropriate standards for the establish ment of a pH nomogram.
Localization of areas of interest and image analysis
In the intact animals, the activated somatosensory cortex was easily identified on [14C]deoxyglucose and [14C]iodoantipyrine autoradiograms by the conspicuous increase of radioactivity ( Fig. 2A) . The metabolic pattern of this region was investigated on adjacent cryostat sec tions by placing areas of interest of �O.l mm 2 in the center of the activated region and measuring the optical densities of the bioluminescent and fluoroscopic images. In the ischemic animals, serial sections were taken from 2.2 mm rostral to 3.8 mm caudal to bregma (Paxinos and Watson, 1982; Zilles, 1985) and investigated for side dif ferences of radioactivity, bioluminescence, or fluoro scopic intensity. The optical densities of autoradiograms, bioluminescence images, and pH images were deter mined with a rotating densitometer (Scandig 3; Joyce Loebel, Gateshead, U.K.) connected to a laboratory computer (PDP-11124; Digital Equipment, Maynard, CA, U.S.A.) . Parameters of interest were calculated and color-coded for photographic documentation.
Statistical analysis
The distribution of data was tested by analysis of vari ance, and group or side differences between the two hemispheres were investigated for statistical significance by Student's paired t test or the nonparametric Mann Whitney U test. Values are given as means ± SD.
RESULTS
Intact animals
The general physiological variables are summa rized in Ta ble 1. Blood gases, blood pH, and blood pressure were in the normal range and did not differ significantly between ischemic and postischemic animals or between animals used for measurement of LCBF and LCMRg1u '
The electrophysiological recordings are illus trated in Fig. 1 . During halothane/N20 anesthesia, continuous low-amplitude high-frequency EEG ac tivity was present that changed into a high-ampli tude burst-suppression pattern when anesthesia was switched to a-chloralose. The amplitude of so matosensory evoked potentials was 20. 0 ± 16.7 IJ.V under halothane anesthesia and increased to 364 ± 248 IJ. V after application of chloralose. The chlo ralose somatosensory evoked potentials followed stimulation frequencies of up to �3.5 cycles/so At higher frequencies either the amplitude diminished or every second potential was occluded. Functional activation, therefore, was carried out just below this frequency.
The areas of hemodynamic and metabolic activa tion in cerebral cortex were clearly visible in both the [ I4 C]iodoantipyrine and the [ 14 C]deoxyglucose autoradiograms and corresponded to the primary somatosensory projection fields (SI) of contralat eral forepaws ( Fig. 2A) . Activation of thalamic relay nuclei was less evident. It apparently was masked by other sensory input that, under chlo ralose, is known to cause massive mesencephalic and diencephalic activation (Rossmann et aI., 197 1) .
The increase of LCBF in the somatosensory cortex was rather diffuse and affected all cortical layers to a similar degree. Activation of LCMRg1u, in contrast, was clearly accentuated in the upper (I-II) and lower (IV-V) cortical layers ( Fig. 2A) . Quantification of autoradiograms revealed signifi cant differences between the activated and nonacti- (Table 2 ). In the nonactivated ip silateral cortex, whole-thickness LCBF amounted to 72.4 ± 18.5 ml/l00 g/min and LCMRglu to 25.4 ± 5.3 J.LmoVlOO g/min. In the activated contralateral cortex, whole-thickness LCBF increased by � 33% to 96.2 ± 26.6 mVI00 g/min and whole-thickness LCMRglu by 55% to 39.4 ± 9.5 J.Lmo1l 100 g/min. The higher percentage rise of LCMRglu resulted in a decrease of the mean CBFICMRglu ratio from 2.85 to 2.44 mVJ.Lmol.
In contrast to autoradiograms, the biolumines- contralateral homotopic brain region. The biolu minescent images of ATP and pH did not exhibit significant side differences of cortical or subcortical structures.
Ischemic animals
The time course of suppression and recovery of electrophysiological function in our modified 30-min four-vessel-occlusion model is stereotyped (R. Schmidt-Kastner and K.-A. Hossmann, in prepara tion). After the onset of ischemia, EEG and so matosensory evoked potentials were almost instan taneously suppressed and remained isoelectric throughout the ischemic period (Fig. 3) . During re circulation the first signs of EEG recovery were )JV 1 spikes that were detected after 23 ± 9 min. After the 2-h recirculation, continuous EEG activity con sisting of slow wave activity and intermittent spikes was present in all animals. Three hours after the beginning of recirculation, EEG frequency was still slower and the widths of the somatosensory evoked potentials were broader than before ischemia, but the amplitude and latency of the somatosensory evoked potentials and the intensity of the EEG had returned to normal. Induction of chloralose anes thesia at this time resulted in a burst-suppression pattern of EEG and an increase in the amplitude of the somatosensory evoked potentials. This incre ment was less dramatic than in the intact animals but still amounted to 119 ± 68 I.L V. Postischemic evoked potentials were able to follow the same stimulation frequency as in intact rats. The average frequency used for postischemic functional activa tion, therefore, did not differ between the two groups.
[ 14 C]Iodoantipyrine and [ 14 C]deoxyglucose auto radiograms obtained after 3-h recirculation differed markedly from those of the nonischemic control animals (Fig. 2B) . The pattern of both flow and glu cose utilization was more heterogeneous, and in ce rebral cortex microcolumnar arrangements of areas with high and low intensities were visible. In the ipsilateral (nonactivated) somatosensory cortex, whole-thickness cortical blood flow amounted to 63.9 ± 27.1 mlllOO glmin and whole-thickness glu cose utilization to 23.4 ± 4.7 mmolll00 g/min (Table 3) . These values represent 88 and 92% of control, respectively.
In the contralateral (activated) somatosensory cortex, no regional alterations of blood flow, glu cose utilization, tissue pH, or content of ATP, glu cose, and lactate were observed despite the electro physiological response to sensory stimulation (Table 3) . Although brains were serially sectioned from 2.2 mm rostral to 3.8 mm caudal to bregma, no regional changes of any of the parameters were detected by visual inspection or quantitative image analysis. The absence of a metabolic-hemodynamic response was not due to major alterations of the general state of the animals. In fact, physiological parameters were similar to those of the control group (Table 1) . It is therefore unlikely that sys temic factors are responsible for the absence of the hemodynamic-metabolic response.
DISCUSSION
The present investigation of the functional hemo dynamic-metabolic coupling following somatosen sory stimulation in normal and postischemic rats required a rather complex experimental setup that has to be discussed before we proceed to the inter pretation of the results. In particular, the use of chloralose as an anesthetic agent, the combination of auto radiographic and pictorial biochemical tech niques, and the methods for the production of isch emia should be considered.
In the past, metabolic coupling with functional activation has been studied mainly in awake an imals because anesthetics such as barbiturates, halothane, and nitrous oxide reduce or abolish the hemodynamic-metabolic response of the cerebral cortex (Crosby et aI., 1983 ; M. U eki et aI., in prep aration). Only chloralose has been shown to preserve the flow response to somatosensory stimula tion (Leniger-Follert and Hossmann, 1979) , and the present study demonstrates that it also maintains the metabolic activation of the cortex. This is prob ably due to the fact that chloralose, in contrast to other anesthetics, does not block but rather en hances the afferent input to the cortex. In fact, the primary sensory areas of cerebral cortex are an in tegral part of a reflex loop that facilitates the sen sory-evoked myoclonic startle response typical for this type of anesthesia (Balis and Monroe, 1964; Hossmann et aI., 1971) . The laminar pattern of the hemodynamic and metabolic response in the pri mary somatosensory cortex after electrical stimula tion under chloralose was similar to that in the awake animal after whisker stimulation (Dietrich et aI., 1986) and suggests that under chloralose the same intracortical circuits are activated as in the awake state.
In the nonactivated regions of cerebral cortex, functional and metabolic activity was reduced under chloralose, as evidenced by the appearance of a burst-suppression pattern of EEG and a reduc tion of the metabolic rate of glucose by �50%. This observation is in line with the previous report of Dudley et al. (1982) . Chloralose anesthesia sharpens the contrast between activated and non activated functional units and therefore is particu larly suited for functional mapping of the brain (M. U eki et aI., in preparation). The complete inhibition of regional metabolic activity after ischemia, in consequence, can be confidently interpreted as an effect of ischemia and not of chloralose.
Another particularity of our study is the combi nation of autoradiographic techniques with pictorial biochemical methods. The biochemical methods re quire in situ freezing of the brain to avoid changes of tissue pH or the regional content of labile brain metabolites. Although in situ freezing of the basal parts of rat brain may take several minutes (Ponten et aI., 1973) , this technique has previously been shown to preserve the energy state throughout the hemispheres (Paschen et aI., 198 1) . However, the delay of circulatory arrest in the deeper parts of the brain poses a problem for the calculation of the in tegrated tracer input function. It also renders those regions of the brain that are still perfused suscep tible to systemic physiological alterations induced by the freezing procedure. The present analysis, therefore, was restricted to the frontoparietal re gions of the brain, which are frozen within 10 s (Ponten et aI., 1973) and include the primary so matosensory projection field of the stimulated fore paw.
The method for production of ischemia used in this study is a modification of the four-vessel-oc clusion model, originally described by Pulsinelli and Brierley (1978) . This modification is similar to the one described by Mac Millan and Shankaran (1984) and includes the use of anesthesia, artificial ventilation, blood pressure recording, and moni toring of EEG and evoked potentials. The proce dure ensures strict control of systemic physiolog ical variables and allows the selection of animals with complete suppression of electrophysiological functions. Measurements of regional blood flow carried out in animals with suppression of EEG re vealed that residual flow was < 1 mIll 00 g/min after vascular occlusion, i.e., a flow rate that is distinctly below the threshold for preservation of energy me tabolism and ion homeostasis (R. Schmidt-Kastner and K.-A. Hossmann, in preparation). The combi nation of chloralose anesthesia, the modified four vessel-occlusion ischemia, and in situ freezing, in consequence, provides the opportunity to study local coupling of flow and metabolism under stan dardized conditions in a highly reproducible model of near-complete ischemia. U sing this approach, several new and somewhat unexpected observations were made. In the intact animals, the increase of LCMRglu was associated with a decrease of local glucose and a rise of local lactate content although blood flow was also in creased. A simple calculation reveals that the alter ations of the tissue content of metabolites during functional activation cannot be due to the mismatch of substrate supply and substrate utilization. In the resting state, cortical blood flow was 72.4 ml/IOO g/min, arterial glucose content was 7.6 f-Lmol/ml, and arterial oxygen content-estimated from he matocrit and oxygen saturation-was 7.5 f-Lmol/mi. Glucose and oxygen availability, in consequence, amounted to 552 and 543 f-Lmol/l00 g/min, respec tively. Assuming complete oxidation of glucose and negligible utilization of other substrates, a preisch emic glucose consumption of 25.4 f-Lmol/l00 g/min corresponds to an oxygen consumption of 152.4 f-Lmol/l00 g/min. Glucose and oxygen extraction, in consequence, amounted to 4.6 and 28%, respec tively. If oxidative respiration is preserved during functional activation, a similar calculation would reveal an increase of glucose extraction to only 5.4% and of oxygen extraction to 32.7%. Both values are well within the capacity of the brain to extract glucose and oxygen from the arterial blood and make it unlikely that the glucose or oxygen supply becomes limiting. The observed alterations of tissue content, the decrease of glucose and in crease of lactate, consequently reflect a state of "aerobic" glycolysis, i.e., a stimulation of nonoxi- Vol. 8, No.4, 1988 dative glucose utilization despite adequate oxygen supply. The preservation of normal tissue pH is not at variance with this conclusion, because pH is ac tively regulated as long as the energy state is main tained. The increase of blood flow in this situation is luxury perfusion, as defined by Lassen (1966) , and results in an increase of oxygen availability in excess of the increase of the oxygen demands of the tissue.
This interpretation is supported by a study of Fox and Raichle (1986) who reported a marked de crease of local oxygen extraction of sensorimotor cortex during vibrotactile stimulation in humans. It also explains why during epileptic seizures the tissue oxygen tension increases (Pinard et aI., 1987) although the increase of glucose utilization is pro portionally higher than that of blood flow (Kloiber et aI., 1983) . The paradoxical production of lactate in the presence of increased oxygen availability may be explained by changes in the balance be tween the initial (glycolytic) and final (oxidative) breakdown of glucose. However, the increase of glycolysis without a parallel increase of oxidative respiration results in only a minor increment of en ergy yield, and thus raises the question of the en ergy requirement of functional activation of the brain.
The total amount of energy the brain consumes for maintenance of its electrical activity is substan tial. Forty-two percent of the metabolic rate of ox ygen is associated with the generation of EEG ac tivity (Michenfelder, 1974) , and 40% of the re maining metabolism in the EEG-arrested brain is related to N a/K transport (Astrup et aI., 198 1) . Evoked activity, however, can be expected to cause only a minor increment of energy require ments above base level because the number of ions passing across the membrane during the action po tential is very small in comparison with the total number of intra-and extracellular ions. In fact, Creutzfeld (1975) has estimated that only 0.3-3%, or even less, of cortical energy consumption can be accounted for by total spike activity of all cortical nerve cells, and it is obvious that any changes of this activity would cause a similarly low change of energy demand. However, the ion exchange pumps are located at the plasma membranes and they de pend on glycolytically derived ATP (Bachelard, 1976) . It is therefore conceivable that the sudden activation of ion transport or transmitter synthesis triggers a pulse of glycolysis to cover the energy demands of these functions. This does not explain, however, why this situation persists during stimula tion for as long as 30 min, i.e., when the brain was frozen in situ, and why during this interval neither oxidative respiration nor glucose transport is ad justed to bring the tissue content of metabolites back to normal.
The concept of increased energy demands during functional activation is also difficult to reconcile with the hemodynamic-metabolic situation after ischemia. In the present experimental situation, en ergy metabolism, EEG, and somatosensory evoked potentials recovered within a few hours after isch emia, and chloralose increased the amplitude of evoked potentials to > 100 f-t V. However, neither blood flow or glucose utilization, tissue pH, nor the content of tissue metabolites changed during func tional activation, which suggests that the electro physiological response was not associated with any measurable alterations of metabolic activity or the energy state of the tissue. This finding of complete metabolic-hemodynamic unresponsiveness to func tional stimulation extends previous observations of decreased metabolic activation after ischemia. Die trich et al. (1986) reported that the activation of glucose utilization induced by whisker stimulation of rat was reduced for up to 5 days after 3D-min four-vessel occlusion. Duckrow et al. (1981) ob served after ischemia a reduction of the oxidative response of cortical cytochrome a,a3 to direct elec trical stimulation of the cortex and an increase of the recovery time of this response after stimulation. The latter finding is of particular interest because it can be interpreted in two different ways. According to the authors of the study, this change reflects a residual lesion of energy metabolism that becomes manifest when the cortex is required to perform ad ditional "work." The reason for the change was at tributed to a delayed rereduction of oxidized elec tron transport enzymes, resulting from a block of reducing equivalent flow to the electron transport chain. In view of the present study, the same phe nomenon could be interpreted in quite a different way. If functional activation does not increase the workload of the cortex, and if, for this reason, the energy demands of the brain do not increase, the oxidative response of cytochrome a,a3 in the intact animal could be the consequence of an increase of blood flow and hence oxygen availability. The (rela tive) reduction of this response after ischemia would then reflect the suppression of the increase of blood flow and not a change in the metabolic ac tivity. Similarly, the suppression of the hemody namic-metabolic response as documented in this study does not indicate that the primary activation of the cortex is suppressed, but suggests that the ensuing workload of the integrated physiological response is reduced. The primary evoked potential, in consequence, is a poor indicator of the functional activity of the cortex, which is in line with the well known fact that after ischemia neurological perfor mance is severely inhibited for prolonged periods even in the absence of morphological injury or after the energy state and the electrophysiological func tions have returned to normal (Hossmann et aI., 1987) .
In conclusion, the present investigation demon strates that functional activation after ischemia does not induce any measurable alterations of the energy state of the tissue, although glucose utiliza tion and blood flow are no longer coupled to the evoked electrical activity. Postischemic distur bances of functional performance of the brain, therefore, cannot be related to a mismatch between the energy requirements and energy availability in the tissue. However, the physiological conse quences of this uncoupling may be completely unrelated to energy metabolism and require further investigation.
